I. Introduction
Micropatterning with optical lithography is carried out in manufacturing various electric components such as semiconductor integrated circuits. A chemically amplified resist is used for the construction of sub-half micron microstructures. This type of resist contains alkali-soluble resin(s), dissolution controlling reagent(s), and photo-acid generator(s). When the resist composition is exposed to light, X-ray, or a high energy electron beam, the photo-acid generator generates an acid, and then the acid reacts with the dissolution controlling reagent. Therefore, the dissolution rate in the exposed part of the composition is enhanced (positive type) or inhibited (negative type). However, depending on the material of the substrates, the cross-section of the positive type resist pattern is trailed into a skirtlike shape at its base edge or that of the negative type resist pattern is undercut. Due to such a bad profile, each line fails to have a prescribed width, and the space between any two adjacent lines does not have the designed width. This means that the resist pattern cannot serve to form extremely narrow grooves or very small contact holes. In this paper, the method for forming a resist pattern without trailing nor undercutting, and which therefore excels in resolution performance and can be used suitably in micro-patterning electric components, is discussed.
II. Experimental
The chemically amplified resist used for the experiments consisted of poly(4-vinylphenol) partially protected with a tertiary-butoxycarbonylmethyl group as the base resin, o-cresolphthaleine tert-butoxycarbonyl (CP-tBOC) obtained from Midori Kagaku Co. as a dissolution inhibitor, and commercially available sulphonium salts as a photoinduced acid generator reagent.
The substrate used for the experiments was a chromium oxide coated quartz plate. The polymers used for the protective layer were a polyimide obtained from Toshiba Chemical Co. (Kemitite CT-4200) and an epoxy resin containing a bisphenol-F type epoxy precursor obtained from Yuka Shell Epoxy K.K. (Epikote 807) and a novolak type alkylphenol-formaldehyde resin obtained from Dainippon Ink and Chemicals Inc. (VH-4170).
JBX-5A(20 kV) and JBX-5D(50 kV) electron beam exposure systems by JEOL were used to study the electron exposure characteristics of the resist. The cross-sections of the pattern profiles were observed with a JSM-6400F scanning electron microscope (SEM) by JEOL.
III. Results and Discussions
Typical SEM photograph of the cross-section of the positive type chemically amplified resist pattern profile on an untreated chromium oxide coat mask is shown in Fig.1 a) . The patten trailed a skirtlike shape at its base edge due to a thin insoluble layer formation at the boundary. This insoluble layer formation is due to the neutralization of the photogenerated acid by basic contamination diffused from the substrate. Therefore, the prevention or minimization of the interaction between the substrate and the resist layer so as to suppress diffusion of the basic contaminant from the substrate to the resist was tried out. In the first step of the optical lithography process, a protective polymer layer was formed between the substrate and the resist layer. This layer was capable of suppressing the diffusion of contaminants from the substrate to the resist. In this study, a polyimide and an epoxy resin were used as the protective layer.
An example of the cross-section of the resist pattern profile on a polyimide protective undercoat is shown in Fig. l b) . Although the resist and substrate were the same as used in the case of Fig. l a) , no skirtlike trailing was observed at the base edge of the resist pattern.
Iv. Conclusion
Polymer undercoats between a chemically amplified resist and substrate have been found to be effective for inhibiting the trailing of a skirtlike shape at the base edge of a rectangular resist pattern. in the EB exposure experiment.
They are also indebted to Mr. F. Umibe for reviewing the original manuscript and suggesting revisions in its English. 
